To diagnose sensory nerve damage, patient values for thermal stimuli as quantitative sensory test (QST) can be compared with the values of the general population (absolute reference data) or to values measured at contralateral unaffected side (relative reference data). It is well know that relative reference data are more sensitive for detecting sensory abnormality than absolute reference data. However it is still lack of the studies for comparisons between relative and absolute data. This study aimed to evaluate the validity of relative reference data and compare the sensitivities of the two approaches in the orofacial region. In 19 young Korean women as normal subjects, quantitative somatosensory thermotest were done in the forehead, cheek, mentum, lower lip and tongue tip bilaterally. After we get the standard deviations (SD) of average reference data and relative reference data, the ratios SD absolute data/SD relative data were calculated. Our study showed that relative reference data for side to side comparisons in the same patient have the high ratios than the absolute reference data, i.e. the side to side comparisons with relative reference data exhibit gain in sensitivity in assessment of sensory abnormality.
clinical and animal experiments, quantitative sensory testing (QST) has emerged as a useful tool in the assessment of sensory nerve damage. 1) The measurement of thermal perception is an essential part of QST and reported to have acceptable reliability in the orofacial region. [2] [3] [4] [5] To diagnose sensory nerve damage, patient values for thermal stimuli from innocuous to noxious temperature range can be compared with the values of the general population (absolute reference data) or to values measured at contralateral unaffected side (relative reference data). 6) When using the approach of absolute reference data, the mean value and standard deviation could be obtained from an age and sex matched sample of healthy subjects using the same methodology of thermal QST. In this method, values beyond the limit of 2 standard deviations from the mean values are considered abnormal. [7] [8] [9] On the other hand, in the approach with the relative reference data, the normal value could be obtained from an unaffected contralateral site within the same subject. This approach is based on the hypothesis that corresponding areas on opposite sides of the affected site have approximately the same sensitivity in the normal condition. 6) On account of large inter-individual differences in the absolute values, comparison to a contralateral unaffected site in the same patient may be the best approach for the determination of sensory abnormality. 6, 10) However, due to the lack of standard deviation of side difference, the cut off value between normal and abnormal is usually assigned arbitrarily. 6, 11) Thus the current study aimed to find the standard deviation of side differences in the orofacial region of the young female subjects and evaluate the sensitivity of relative reference data comparing the absolute reference data.
Ⅱ. Material and Methods Participants in this study consisted of 19 young healthy Korean women (mean age 26.4 years, range 21 to 34) without orofacial complaints. Participants were recruited from students of the Dankook University Dental School, Cheonan, Rep. of Korea. Quantitative thermal sensory tests were performed from April to May 2013. The Institutional Review Board at Dankook University Dental Hospital approved the study (IRB No H-1303/004/003). A written informed consent was obtained from all subjects after a full explanation for the aims and procedures of the study. Participants received no monetary compensation for study participation. Thermal thresholds were measured using the TSA II neurosensory analyzer (Medoc, Israel). A Peltier thermode with a contact area of 0.25cm 2 was applied to the skin with the baseline temperature of 32˚C for extraoral sites and 36˚C for the tongue. The thermal change rate was 1.0˚C/s for detection thresholds and 1.5˚C/s for pain thresholds, with and interstimulus interval randomized between 4 and 6s. Cut off temperature was 0˚C for cold stimuli and 50 C for warm and hot stimuli. Thermal thresholds including Cold detection (CDT), warm detection (WDT), cold pain (CPT) and heat pain (HPT) thresholds were determined bilaterally in the orofacial region.
These were the mentum (above the mental foramen); the vermilion of the lower lip; the tip of the tongue; the midpoint of the cheek and the forehead (2 cm above the midpoint of the brow). 2 Testing was carried out in a quiet room in the room temperature with subjects seated in a comfortable chair by one experiment. Three stimuli were given to determine each threshold and the mean threshold temperature of three consecutive measurements was calculated. The patients indicated when perception changed to warm, cold or pain by pressing a button.
The tests were done in order of the mentum, lower lip, tongue tip, cheek and forehead last, selecting alternatively from the right and left sides. CDTs and WDTs were measured first and then CPT and HPT were determined. The subjects were asked to keep their eyes closed throughout the QST procedure. One experienced examiner made all measurements.
All variables were continuous, and mean absolute threshold values and SD which used the average of left and right thresholds were calculated. Side differences were analyzed by Paired t test. Pearson's correlation was used to find the relationship between thermal detection and pain thresholds. Statistical tests were done at the 5% significance level. All statistical calculations were made using the SPSS version 18.0.
Ⅲ. Results
There were no significant differences in thermal thresholds reference data between the left and right sides of the orofacial region (Table 1 , all P > 0.05), and most of correlations across the test sites were highly significant except WDT (P=0.054) and CPT (P=0.120) side differences at the mentum, CDT (P=0.073) and WDT (P=0.078) side differences at the tongue tip and WDT side difference at the forehead (P=0.087) ( Table 1) . Standard deviations of the absolute data which mean inter-individual differences were relatively larger than those of the relative data which indicate left-right side differences except CPT in the mentum and WDT in the tongue tip.
To compare the gain in the sensitivities of absolute and reference data, we calculated as the ratio standard deviation of absolute data divided by standard deviation of relative data. we found that the all ratios except 2 cases were larger than number 1. 16 ratios of For side to side comparisons, total 20 calculated ratios (80%) in the orofacial region showed the values larger than 1. Although the ratios of CPT in the mentum and WDT in the tongue tip were less than number 1, relative reference data were up to 4.6 times larger than the absolute reference data. Especially the ratios of CDT and HPT in the orofacial region were consistently larger than the ratio 1 unlikely those of WDT and CPT. The primary goal of QST analysis is to evaluate whether the sensory function has changed. In the absence of normal value before sensory change, the clinician must use a comparative value. There are two approaches for comparison of evaluation of nerve function. First normative absolute values from other healthy populations can be used for comparison due to its efficiency, requiring test only in the affected side. 6) However, they show large standard deviations for the each thermal QST parameters. In consistent with that, most of standard deviations of absolute values in our data were larger than that of relative values. These findings suggest that left-right side comparisons may be more sensitive to detect sensory abnormality such as negative or positive signs than comparisons with the averaged normal values in the population (absolute reference data).
In addition, absolute values exhibit some limitations on identifying hyperesthesia and hypoalgesia. In the current study, Most of correlations between the left and right side data were highly significant with no side difference. Also we found a substantially higher sensitivity of relative than absolute QST thermotest with the comparison of ratios standard deviation of absolute data divided by standard deviation of relative data, i.e. most of the comparisons between absolute reference data and relative reference data indicated the gain in sensitivity for relative values over absolute values except CPT in the mentum and WDT in the tongue tip in the orofacial region. This finding is consistent with the previous report of the German Research Network on Neuropathic Pain (DFNS) 12) and supports validity of priority of relative reference data on absolute reference data. Thus in patients with unilateral sensory change, relative reference data will be advantageous to detect minus or plus sensory changes in the clinics.
In addition to gain in sensitivity, relative reference data is relatively free to influential factors on thermal thresholds values, such as sex, age on the contrary to absolute reference data. 2, 6, 9, [13] [14] [15] However in the assessment of bilateral sensory abnormalities, relative QST data has no advantages and absolute reference data should be compared the affected region. In this study, we found an interesting fact that especially the ratios of CDT and HPT in the orofacial region showed more gain in sensitivity than those of WDT and CPT. Such finding represent thermal QST parameters such as CDT and HPT has more advantages for detecting negative or positive sensory changes using relative reference data. However, in consideration of our small sample size (n=19), our results deserve further study with more statistical powered sample size.
Ⅴ. Conclusion
The current study has shown that the use of relative reference data in the evaluation of patients with sensory abnormality has the validity and gain in sensitivity in the orofacial region. Most of the relative values in the orofacial region presented the gain in sensitivity to the absolute values in the range of ratio from 1.051 to 4.586. Especially among 4 thermal QST parameters, the use of relative reference data in CDT and HPT has more sensitivity in detecting negative or positive sensory change. 
